Introduction
E-learning is a field of extensive growth worldwide, with initiatives ranging from classroom experiments to national and regional training plans, supported by institutional projects and national development policies (Bengtsson, 2013; Chang; Chen, 2009) . According to the Scopus database developed by Elsevier, the search term "e-learning" in the title, summary and keywords fields has been included in 51,181 papers published in 78 journals and conference proceedings, affiliated to 160 institutions (the query was made on https://www.scopus.com on January 29, 2018).
The bibliographic information of these works is the result of scientific discoveries and research outputs that are published in international scientific journals, cited and read by other researchers. The bibliometric analysis is a valuable tool for the scientific community since it offers elements to analyze science and technology policies (Okubo, 1997) . Additionally, they provide measurements of connections between researchers and research areas through the statistical analysis of joint publications and citations (Mingers; Leydesdorff, 2015) .
To perform these analyzes, bibliometrics has a set of indicators to organize, combine and extract relevant information on large volumes of bibliographic data, offering a global view of the scientific results obtained by the most productive institutions (Guerrero-Bote; Olmeda-Gómez; De-Moya-Anegón, 2016a). Among them are production and impact indicators (Rehn et al., 2014) . The set of production indicators include those related to international collaboration, based on international co-authorship networks that distribute the world production according to the needs of science (Barjak et al., 2013) . International collaboration also brings deep implications for the governance of science and everything related to knowledge creation, since the discovery context is no longer local or institutionalized by disciplines in university departments (Elzinga, 1997) . In Europe, for instance, the continuous process of integration between countries is eliminating territorial borders, generating considerable heterogeneity between regions and countries in their propensity to collaborate (Hoekman; Frenken; Tijssen, 2010) . Impact indicators, instead, denote the quality that the scientific community refers to a specific scientific production, regardless the size of that set of publications. The impact can be measured through various indicators related to citation. Among the most common are the h index (Hirsch, 2005), the Impact Factor (IF) (Garfield; Sher, 1963) , the SNIP (Moed, 2010) , the Crown indicator (Waltman et al., 2011) , the SCImago Journal Rank (SJR) (González-Pereira; Guerrero-Bote; De-Moya-Anegón, 2010), and the Eigenfactor (Bergstrom, 2007) .
In the specific case of e-learning, there have been bibliometric studies focused on the identification of research trends (Shih; Feng; Tsai, 2008; Hung, 2012; Schiebel, 2012; Maurer; Salman-Khan, 2010) , regarding thematic coverage (Chiang; Kuo; Yang, 2010) and application in work environments (Cheng et al., 2014) , based on predefined sets of scientific publications. Refining the focus, Tibaná-Herrera, Fernández-Bajón and De-Moya-Anegón (2018a) identified a set of 219 scientific publications on which the emerging discipline has been developed, proposing the creation of a new subject category on which bibliometric and georeferen-cing analysis can be made. The mentioned work was used by SCImago Research Group to create the E-learning subject category in its information systems, both in the SCImago Journal & Country Rank, on which the SCImago Journal Rank (SJR) is based to classify journals in quartiles by thematic area (Gómez-Núñez et al., 2011) , as in the SCImago Institutional Rankings, that organizes institutions around the world based on their performance in research, innovation and social character (Bornmann; De-Moya-Anegón, 2014). These information systems use Scopus bibliometric data. According to the SCImago Institutional Rankings, 4,090 institutions generate research products in this recent subject category. This is a much higher figure than that found in the query of the term made to Scopus, since this information system identifies all the institutions that have primary scientific production, published in the 219 journals and conference proceedings classified by the SCImago Journal & Country Rank in the "e-learning" subject category.
Another way to analyze bibliometric data is through the application of visualization techniques. In particular, georeferenced maps allow extracting and highlighting spatial data from bibliometric data, which in turn permit having geographical indications of the analyzed content. Guerrero-Bote and De-Moya-Anegón (2015) used these maps to visualize collaboration networks between Spanish institutions on scientific production in food science. Kanai, Grant and Jianu (2017) applied them in the context of globalized cities to assess the impact of urban globalization research on these. In library and information sciences, georeferencing techniques have been used to determine the global and local areas within the elements arranged in the catalogs of libraries, museums and archives (Maggio; Kuffer; Lazzari, 2017). However, there has been no research using this visualization technique in e-learning.
Although there is already a set of publications included in the e-learning subject category, researchers in this field face the impossibility of knowing the geographical indication of the knowledge source and the relationships that have been established for its development. Although this spatial information is sometimes included in the keywords, it is of little help when it comes to making a global analysis.
Therefore, a global bibliometric analysis requires answering the following questions: -What are the countries and institutions with the greatest production and impact on e-learning? -How is the map of international collaboration between countries and institutions established? -What is the contribution of the georeferenced maps to the bibliometric analysis of the e-learning scientific domain?
These concerns are addressed through bibliometric and georeferenced analysis of global scientific production in e-learning along with its impact, identifying the main actors at country and institution level.
Materials and methods
In this study, the SCImago Institutions Rankings, an information system that uses the bibliographic information contained in Scopus to generate various worldwide rankings of institutions (higher education, government, private, health) was used as a source of information for the bibliometric analysis. This system arranges the institutions according to their productivity and performance in research, innovation and social impact. The primary scientific production that the institutions have published in the journals and conference proceedings that constitute the subject category of e-learning was analyzed, according to the categorization made by Tibaná-Herrera, Fernández-Bajón and De-Moya-Anegón (2018a).
The bibliometric analysis addresses the productivity and performance of primary scientific production in the 2003-2016 timespan, to describe the performance of the institutional scientific activity, its evolution and international collaboration. Data extraction and analysis methodologies have been accepted and used both by the international scientific community and by national science and technology organizations, as well as international organizations.
To perform this analysis, two units were defined:
The producing institution and its country of origin.
The following bibliometric indicators allow identifying the productivity of countries and institutions producing knowledge in e-learning: For a better understanding of the bibliometric analysis, two visualization tools were used. First, the multidimensional scaling to represent the production evolution in the set of institutions and countries (Lévy-Mangin; Varela-Mallou, 2003) and second, the georeferencing technique to show the place where knowledge is created and from which is disseminated (Guerrero-Bote; Olmeda-Gómez; De-MoyaAnegón, 2016b). The tools used in each technique were Tableau and Google Maps with GPS Viewer, respectively.
The bibliometric analysis of productivity and impact indicators allows identifying those countries and institutions that display a positive correlation between production and quality of scientific results in terms of citations impact (Persson, 2010; Leydesdorff et al., 2013) . Moreover, the combination of visualization techniques allows to highlight extremes and identify publication patterns and connection between countries or institutions that are generated thanks to collaboration Kronman, 2008) .
Results and analysis
The results and analysis of this study are composed of two parts. The first one refers to productivity and the second to impact. Each one is seen from the country and institution levels, with their respective visualizations.
In the 2003-2016 timespan, the world scientific production in e-learning was 39,244 works, made by 4,390 institutions in 162 countries. This production was mainly fed by works from the Higher Education sector by 86.9%. Figure 1 shows a growing contribution of the Government (5.1%) and Private sectors (4.1%). Additionally, there is an output decrease since 2012, justified by the contribution reduction in Computer Sciences, especially in conference proceedings and reviews (Tibaná-Herrera; Fernández-Bajón; De-Moya-Anegón, 2018b).
Country level
When analyzing this information with georeferenced maps, we found 52 countries with a production exceeding 100 works (Annex 1). United States, the United Kingdom, Australia, Taiwan and Spain are the countries that represent the highest production in the timespan (Figure 2 ). Furthermore, there is evidence of the concentration of scientific production in e-learning in the Northern hemisphere, with very few representatives in the southern hemisphere, including Australia, South Africa, Brazil and Chile.
To know the evolution in production at country level, we compared 2003-2010 and 2012-2016 timespans (Table 2 ). The first period had 115 countries and the second had 152. It is of note that the same three countries (the United States, the United Kingdom and Australia) lead both timespans. In addition, Spain, Taiwan, China and Germany strengthened their presence on the world stage.
Regarding the international collaboration, in 2016, 16.47% of the works were produced in collaboration, with 2014 being the highest point with 18.34%. The map in Figure 3 shows 38 countries that have a production greater than 100 works. Figure  4) shows that the leadership of Taiwan, Turkey, Czech Republic, Slovakia and Algeria is superior to 93%. Additionally, in publication of excellence and excellence with leadership, Chile and Taiwan are prominent. The latter is 4 th in world production, compared to place 48 of Chile.
Regarding the normalized citation of countries with more than 100 works in the selected timespan, Chile, Belgium, Taiwan, Serbia and Netherlands stands out with the highest impact. Figure 5 shows a change in the hegemony of the countries that lead the production indicators, where the United States, the United Kingdom, and Australia ceased to be protagonists. Only Taiwan shows a positive correlation between production and the impact of scientific results.
Taiwan is the only country that consistently ranks among the first places of production and impact on e-learning. The United States is the country with the highest output in e-learning sity (Taiwan) are the institutions that have contributed to most of the works for the development and consolidation of e-learning ( Figure 6 ). As can be seen in this list, Taiwan has 7 institutions, which account for the largest number of works per country, higher than the United States that has 11, Australia with 10, the United Kingdom with 6 and The Netherlands with 4 institutions. Likewise, 3 government institutions (Centre National de la Recherche Scientifique, Fraunhofer Gesellschaft and Consiglio Nazionale delle Ricer- che) and 4 private institutions (Alcatel-Lucent, Nippon Telegraph and Telephone Corp., Alcatel-Lucent USA and Nokia) are present. In order to know the evolution in production at the institution level, the same country level temporal comparison was made. Table 4 shows that the number of institutions has doubled in the analyzed periods, in addition, in the final period the presence of Taiwanese universities at the top of the list is noted.
Institutional level
The group of 47 institutions has produced works in international collaboration. Figure 7 shows the 26 institutions with the highest production in collaboration, the size of each sphere corresponds to the normalization of the volume of collaborative works and the link between two institutions corresponds to the number of works that have been developed in collaboration among them. It is observed that the greatest international collaboration at an institutional level is held by the Taiwanese institutions. Table 5 shows the detail of the international collaboration between the institutions, highlighting the strong link between the institutions of Taiwan, Canada and Singapore. In addition Taiwan and Netherlands are distinguished as the countries with the highest representation of institutions in international collabo- ration, followed by Australia and the United Kingdom. The institutions with the greatest diversity in international collaboration are National Central University (TWN) and Nanyang Technological University (SGP). The institutions with the most international collaboration are Athabasca University (CAN), National Sun Yat-sen University (TWN), National Taiwan University of Science and Technology (TWN), Nanyang Technological University (SGP) and National Central University (TWN) and represented the impact at institutional level based on the normalized citation indicator. Figure 9 shows the contrast between the indicators of production and normalized citation. The combined analysis of bibliometric indicators and visualization techniques has made possible the identification of the following facts:
-The countries that produce knowledge in e-learning have increased their production by 56% in the last five years, being the main producers The United States, the United Kingdom, Australia and Taiwan. -The Government and Private sectors have contributed sig- nificantly to the development of the category in the last five years.
-Taiwan is the only country that consistently ranks first in the production and impact indicators. -The United States is the country that generates the most international collaboration in the scientific domain of e-learning, followed by the United Kingdom and Australia. -The European institutions are the most oriented to co-llaborate with institutions of the same community as in other regions of the world. -The Taiwanese institutions are in the top 10 with the greatest impact in the analyzed timespan.
Discussion and conclusions
This study has demonstrated the arrival of a new contender in the scientific development of e-learning, this is Taiwan, which has grown in its production and quality performance, placing seven institutions in the first places of the production and impact indicators. From another point of view, the growth and impact of Taiwan can be associated with the scientific development that this country has had in other knowledge fields, where the highest production is concentrated in engineering, computer science and medicine. This production profile is similar to that of the countries with the highest production in e-learning, such as the United States, the United Kingdom and Australia, which shows that the development in this area responds to the focus in engineering and computer science that these countries have.
Therefore, Taiwan should be considered as a point of reference and focus on the subject, ahead of the United States and Western Europe.
Through a bibliometric analysis and visualization techniques, our research has identified the countries and institutions that produce the largest number of works in e-learning, with the United States and the University of Hong Kong being the main exponents.
Likewise, we analyzed and georeferenced the institutional collaboration to identify the context of discovery of e-learning and its main collaborative ties. In this regard, the United Sta-
Alcatel-Lucent and National Taiwan
University of Science and Technology are the institutions with the greatest impact on e-learning tes is the country that generates the most collaboration, being the National Taiwan University of Science and Technology the most outstanding institution. We evidenced that there is extensive collaboration at country and institutional level, which has facilitated a 56% increase in scientific production in the subject in the last five years. This amount of collaboration demonstrates that scientific development is more inclusive at regional level, differentiating itself from the center-periphery grouping model that characterized the global system of scientific collaboration in the past. Furthermore, the developed maps show the consolidation of four nodes directly linked to the development of the subject category: North America, Western Europe, Australia and Taiwan.
Finally, by combining this bibliometric approach with georeferencing techniques we have a powerful research tool, which allows:
A) approaching the influence of countries and institutions in the development of the subject category, B) comparing productivity and performance at different levels (country, institution), C) facilitating the identification of the location of origin and knowledge dissemination generated by scientific research on the subject, and D) revealing the importance of cognitive, organizational, social, institutional and geographic proximity in the generation of collaborative links, such as language, regional proximity and political affinity.
This work can be considered as a quantitative methodology to determine the contribution of countries and institutions to the conceptual, scientific and innovative development of a scientific domain.
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